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INSTRUMENTS &
APPLICATIONS

The polarimeter is a relatively simple
device that nondestructively meas-
ures the optical properties of mole-

cules by detecting rotational changes in
linearly polarized light passed through
them. Although light waves can oscillate
in planes throughout three dimensions,
the rotational orientation of these
planes is defined primarily by the local
electric and magnetic fields present.
Any particular unpolarized electro-
magnetic wave can be thought of as
consisting of two perpendicular waves.
This wave can be polarized by using a
filter that blocks one plane of the wave,
allowing the other to pass freely.
Because this eliminates one half of the
wave, the intensity of the light will
diminish by one half (1).

The analytical utility of polarimetry
derives from the ability of chemical and
physical reactions to affect such orien-
tations by changing molecular structures
of optically active compounds. The
amount of optical rotation observed is
the result of the shape and concentra-
tion of whatever mix of chiral molecules
is present in the sample. Each optically
active compound has its own rotation spec-
ified by Biot’s law. 

Applications Abounding
Despite its unique attributes, the polarime-
ter is rarely found among the standard
analytical instruments crowding lab
benches today. No one expects the
polarimeter to suddenly replace mass spec-
trometers, spectroscopes, or any of the
other popular tools filling the modern
laboratory. 

Still, as pointed out by Rudolph Research
Analytical (www.rudolphresearch.com/
polarimetry.htm), one of the largest suppli-
ers of polarimeters in the United States,
“Polarimetry is employed in quality
control, process control, and research in

the pharmaceutical, chemical, essential oil,
flavor, and food industries. It is so well
established that the United States Phar-
macopoeia and the Food & Drug Admin-
istration include polarimetric specifications
for numerous substances.” So even though
polarimetry has never been completely

neglected (for where it is useful, it is useful
indeed), it seems to be riding a wave of
resurgence—as a host of modern publi-
cations continues to attest.

For example, it is frequently important
to assess the interactive behavior of mole-
cules in solution. In a recent study, Gold-
smith et al. at Duke University and the
University of Pittsburgh developed a
polarimetric method of monitoring spon-
taneous assembly of the self-aggregating
chiral species pantalactone—a monomer-
ic compound that can spontaneously
dimerize (2). They demonstrated that the
observed [α]

D
(a measurement of degree

of rotation with respect to concentration)
was a composite of the contributions of
both the monomers and the dimers.
Polarimetry coupled to the theoretical

calculation of [α]
D

proved a useful tool for
the quantitative assessment of intermole-
cular binding and assembly (Figure 1). The
significance of these results was, in part,
that computational depiction of a concen-
tration-dependent noncovalent aggregate
is feasible.

Winning the Racemase
In modern biotechnology, polarime-
try can be a valuable tool for moni-
toring biological reactions that lead to
changes in optical rotation. For exam-
ple, Schönfeld and Bornscheuer of
Ernst-Morit-Arndt University, Greifs-
wald, Germany, developed a polari-
metric assay to identify α-amino acid
racemase activity. They adapted this
assay to the medium-throughput
analysis of enzyme libraries using auto-
mated screening of 96-well plates (3).

Racemases are important not only
in natural biochemistry but also as
industrial and biomedical catalysts.
Having a higher-throughput, nonde-
structive screening method for race-
mase activity would be useful to char-

acterize efforts to clone such enzymes
and to optimize them using genetic engi-
neering and directed evolution techniques.
According to the researchers, such efforts
have hitherto relied on colorimetric assays
using a dye and instrumentally expensive
methods that monitor circular dichroism.
Current polarimetric methods promised to
be no better for large-scale screening pur-
poses because of the considerable amount
of enzymes and substrates required, as well
as the large number of samples that would
need to be processed, which would be time-
consuming and labor-intensive.

For these reasons, Schönfeld and Born-

A Polarizing Point of View
Facing the demands of biotechnology and medicine,
researchers are looking at polarimetry in a new light.
Mark S. Lesney

K E Y  T E R M S : biotech, pharmaceutical,
separation science, synthesis

Figure 1. (Top) Superimposed structures of thermally acces-
sible monomeric (I) and dimeric (II) species with their respec-
tive thermally averaged [α]D values. (a) Values computed
theoretically; (b) values experimentally obtained. (Used with
permission from Ref. 2.)
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scheuer used a glutamate racemase from
Lactobacillus fermentii cloned into and
expressed in Escherichia coli as their model
to create an automated, medium-through-
put optical method for determining the
time-dependent racemization of L-gluta-
mate (3). Their system easily monitored
the decrease in optical rotation due to race-
mezation (Figure 2) and was predicted
scalable to analyze up to 3 × 96 samples
per day, and it utilized comparatively small
amounts of sample (350 µL), enzyme
(~2–3 µg), and substrate (~10 µmol).

Imaginative Imaging
Although applications of polarimetric
imaging are continually expanding, the
two fields in which it is most common are
astronomy and biomedicine. X-ray and
UV polarimetric imaging in particular are
key to studying the nature of extrasolar
and even extragalactic electromagnetic-
radiating objects in space. For example,

polarization analysis of X-rays from astro-
nomical sources is used to analyze emis-
sion mechanisms, magnetic fields, and the
geometry of the X-ray sources.

In biomedical applications, polarimet-
ric imaging is being used to determine
changes in the optical properties of living
tissues. Measuring depolarization and bire-
fraction allows for the nondestructive
detection of cancerous cells in an early state
of proliferation compared with other
routinely used imaging techniques such as
PET scans or MRI. The metabolic and
structural differences of normal and
cancerous tissues are sufficiently distinct
to be detectable using the appropriate opti-
cal rotation methods. Such a potential use
is so exciting that many of the scientists
studying polarimetric techniques for
defense or industrial purposes are also tout-
ing the long-term potential of such
research to the benefit of cancer diagno-
sis and treatment analysis.

In a unique use of polarimetric imag-
ing, Gibbs et al. at the University of Hous-
ton developed a high-throughput method
to screen for chirality (4). They used an
imaging polarimeter with a light source
and filter to produce linearly polarized
light that was passed through a highly
parallel sample array and then through an
analyzing polarizer to strike the lens of a
digital camera. Changes in degrees of rota-
tion due to racemization were easily
discernible using false-color imaging of the
light passing through the array.

Using this system, they were able to
image chiral solutions in 1536-well
microplates and could perform real-time
monitoring of 30 simultaneous reactions

of sucrose invertase, an enzyme that affect-
ed solution chirality by transforming
sucrose ([α]

D
= +66.5°) into an equimo-

lar solution of dextrose ([α]
D

= +52.7°)
and fructose ([α]

D
= –92.4°)—a change

that is easily measured.
Chiral forms of pharmaceuticals are of

increasing interest today because of the
realization that one enantiomer is usually
the therapeutic form in a racemic mixture,
and the other is often the cause of unde-
sirable side effects in patients. Rapid moni-
toring of chirality would be of immense
benefit to eliminating bottlenecks in
purification of enantiomers and in testing
biological methods of racemization as
described above.

Ultimately, polarimetry, a technique
first used in biological applications in the
19th century by Louis Pasteur, may be
experiencing a well-deserved renaissance as
one of the unique tools in the kit of
modern biotechnology. Current research
is attempting to adapt polarimetric meth-
ods to a host of applications, from the
monitoring of bound antibody–antigen
reactions to nucleic acid hybridization
analysis. The growing need to monitor
drug chirality and to expand the horizons
of biomedical imaging will only increase
the role of polarimetry as it continues to
illuminate the biological world.
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Linear polarized light is produced when a
particular orientation is geometrically permit-
ted to pass through a selected polarizing filter
while light in the perpendicular orientation
is blocked. One of the great benefits of
polarimetry is that it can be applied to every
type of electromagnetic radiation, and prac-
tical systems have been developed that take
advantage of the optical rotation properties
of IR, UV, visible, and even X-ray radiation.

Optically active compounds have no
plane of symmetry and are not superimpos-
able on their mirror images. Common
biochemicals such as sucrose and amino
acids are among the many chiral compounds
capable of being studied. Samples composed
only of achiral molecules, such as water, have
no effect on the polarized light beam. The
observed rotations (α) of enantiomers are
opposite in direction, with one enantiomer
rotating polarized light in a clockwise direc-
tion (dextrorotatory, D, or “+”) and its mirror-
image partner rotating light counterclock-
wise (levorotatory, L, or “–”).Thus is derived
the nomenclature of D- and L-amino acids.
Passing polarized light through chiral (opti-
cally active) compounds—such as many
drugs—disturbs the orientation of the light,
thereby changing the amount that passes
through the orientation of the polarizing filter
used to monitor the system.

A Polarized Field

Figure 2. The time course of L-glutamate racemization using purified enzyme. (�): purified L-Glu racemase +
L-glutamate; (�): control without enzyme; (�): control without glutamate. (Adapted from Ref. 3.)


